Objective: To assess the influence of circulating (basal) and stimulated plasma adrenocorticotrophin (ACTH) and serum cortisol on the duration of oxygen supplementation and development of chronic lung disease (CLD) in preterm, very low birthweight infants. Methods: A total of 226 human corticotrophin releasing hormone stimulation tests were performed on 137 very low birthweight infants on days 7 and 14 in a tertiary neonatal centre. Results: Multivariate regression analysis showed that the duration of oxygen supplementation was negatively associated with birth weight, but positively associated with alveolar-arterial oxygen gradient (A-aDO 2 ) on the first day and with basal serum cortisol on day 14. In addition, the multivariate classification and regression trees model indicated that the two most useful indices for predicting CLD were clinical risk index for babies (CRIB) score (. 9) and peak serum cortisol (. 740 nmol/l) on day 14. The sensitivity, specificity, positive and negative predictive values of these factors for predicting CLD were 53%, 80%, 81%, and 70% respectively. Conclusions: The findings suggest that birth weight, severity of initial respiratory failure as reflected by the A-aDO 2 gradient, and continuing ''stress'' with persistent increase in serum cortisol on day 14 are significant risk factors associated with the duration of oxygen supplementation, whereas early pituitaryadrenal response (basal and peak plasma ACTH and serum cortisol on day 7) is not an independent risk factor. Although CRIB score in combination with peak serum cortisol on day 14 are useful predictors of CLD, the need to use a stimulation test and the relatively late timing of the forecast render these indices unattractive for routine clinical use.
Objective: To assess the influence of circulating (basal) and stimulated plasma adrenocorticotrophin (ACTH) and serum cortisol on the duration of oxygen supplementation and development of chronic lung disease (CLD) in preterm, very low birthweight infants. Methods: A total of 226 human corticotrophin releasing hormone stimulation tests were performed on 137 very low birthweight infants on days 7 and 14 in a tertiary neonatal centre. Results: Multivariate regression analysis showed that the duration of oxygen supplementation was negatively associated with birth weight, but positively associated with alveolar-arterial oxygen gradient (A-aDO 2 ) on the first day and with basal serum cortisol on day 14. In addition, the multivariate classification and regression trees model indicated that the two most useful indices for predicting CLD were clinical risk index for babies (CRIB) score (. 9) and peak serum cortisol (. 740 nmol/l) on day 14. The sensitivity, specificity, positive and negative predictive values of these factors for predicting CLD were 53%, 80%, 81%, and 70% respectively. Conclusions: The findings suggest that birth weight, severity of initial respiratory failure as reflected by the A-aDO 2 gradient, and continuing ''stress'' with persistent increase in serum cortisol on day 14 are significant risk factors associated with the duration of oxygen supplementation, whereas early pituitaryadrenal response (basal and peak plasma ACTH and serum cortisol on day 7) is not an independent risk factor. Although CRIB score in combination with peak serum cortisol on day 14 are useful predictors of CLD, the need to use a stimulation test and the relatively late timing of the forecast render these indices unattractive for routine clinical use. N ormal development of the hypothalamic-pituitaryadrenal (HPA) axis is essential for regulation of intrauterine homoeostasis, and timely differentiation and maturation of vital organ systems, including cardiovascular, pulmonary, and central nervous system, is necessary for extrauterine survival. 1 A proportion of extremely preterm infants, however, may suffer from transient adrenocortical insufficiency of prematurity (TAP), 2 with low circulating cortisol concentrations and raised cortisol precursors resulting from deficiency of intermediate enzymes of cortisol synthesis in the early postnatal period. [3] [4] [5] [6] Very low birthweight (VLBW) infants with TAP often have refractory systemic hypotension that is resistant to volume expansion and inotrope treatment, but respond promptly to corticosteroid replacement. 7 8 Endogenous cortisol is an important anti-inflammatory hormone. The use of postnatal corticosteroids has been shown to suppress the production of cytokines and markers of lung inflammation in infants who develop chronic lung disease (CLD). 9 10 Thus, an inability to secrete adequate amounts of glucocorticoid in early postnatal life may contribute to insufficient suppression of pulmonary inflammation secondary to volume or barotrauma and free radical oxidative damage, resulting in microvascular protein leakage, pulmonary fluid retention, and exaggerated lung injury with prolonged oxygen dependency. 11 12 This prospective study therefore aimed to evaluate the influence of circulating (basal) and stimulated HPA axis hormones, adrenocorticotrophin (ACTH) and cortisol, on (a) the duration of oxygen supplementation and (b) the development of CLD in preterm, VLBW infants using the human corticotrophin releasing hormone (hCRH) test.
PATIENTS AND METHODS

Study population
A total of 137 VLBW infants were prospectively enrolled into the study. The patient recruitment process has been described in detail in the preceding paper.
2 Table 1 presents the clinical characteristics of the infants studied.
Methodology and data collection
The hCRH test and hormone assays have been described in detail in previous studies. 2 13 The following respiratory indices were documented during the study period: the highest oxygenation index and alveolar-arterial oxygen gradients (A-aDO 2 ) within the first 12 hours of life; duration of mechanical ventilation and oxygen supplementation; maximum peak inspiratory pressure (PIP max ), maximum mean airway pressure (Paw max ), and maximum inspired oxygen concentration (FIO 2 MAX) within the first 14 days of life; use of postnatal systemic corticosteroids for facilitation of extubation; serious pulmonary complications such as pneumothorax, pulmonary interstitial emphysema, and pulmonary haemorrhage. CLD in this study is defined as oxygen dependency at 36 weeks postconceptional age. As CLD and death before 36 weeks postconceptional age are competitive outcomes, infants with either conditions were combined and analysed as a single group. Infants who 
Ethical approval
Ethical approval for the study was obtained from the clinical research ethics committee of the Chinese University of Hong Kong. Written informed parental consent was obtained for each case before the start of the test.
Statistical analysis
Spearman's correlation was used to assess the relation between duration of oxygen supplementation and (a) circulating and stimulated hormone concentrations, (b) pulmonary indices, and (c) clinical characteristics of the studied infants. Univariate significant results (p , 0.05) were further subjected to multivariate regression analysis using a forward stepwise selection strategy. In addition, Mann-Whitney U test and x 2 tests were used to compare the clinical characteristics of the infants (table 1) and hormone  concentrations (table 2) of the infants with CLD or who had died (group 1) and infants without CLD (group 2). Significantly different results between the two groups (tables 1 and 2) were then subjected to the multivariate classification and regression trees (CART) model 15 for assessing the usefulness of various factors in predicting CLD. CART is a non-parametric, binary recursive partitioning algorithm developed through a two stage process. A complex tree is initially constructed through a sequence of optimal binary splits of a set of covariates. These covariates are then partitioned recursively into two subgroups that are most different with respect to the outcome. The partitioning continues until the dependent variable is separated into homogeneous subgroups. The second stage prunes the resulting complex tree to an optimal subtree that minimises the overall classification error. This error rate is then estimated by a cross validation method and is implemented by a pruning algorithm. The statistical tests were performed by SPSS for Windows (Release 11.0; SPSS Inc, Chicago, Illinois, USA) and S-Plus 2000 (Release 3; Math Soft Inc, Seattle, Washington, USA) softwares. The analysis was performed on raw and logarithmically (Ln) transformed data where appropriate to correct the skewness of the results.
RESULTS
A total of 226 hCRH tests were performed on 137 preterm, VLBW infants on days 7 and 14 of postnatal age. The preliminary ACTH and cortisol results of this cohort have been compiled to provide a reference range for the hCRH test in VLBW infants. 16 The results on the relation between hormones of the HPA axis and duration of oxygen supplementation or CLD have not been reported previously.
Overall analysis
The results of the study population were pooled and analysed. Univariate analysis using Spearman's correlation showed significant associations between duration of oxygen supplementation and the following: gestational age . These significant univariate parameters were further subjected to the multivariate forward stepwise linear regression model using duration of oxygen supplementation as the dependent variable. The results suggested that duration of oxygen supplementation was negatively associated with birth weight, but correlated positively with A-aDO 2 on the first day and basal serum cortisol on day 14 (table 3) . Exclusion of the deaths-that is, infants who died before 36 weeks postconceptional age (n = 8)-did not in any way alter the results of the multivariate analysis. Tables 1 and 2 summarise the clinical characteristics and hormone concentrations of groups 1 and 2. As expected, group 1 infants were significantly more immature and sick than patients of group 2 (table 1) . Although there were no significant differences in plasma ACTH between the groups, both basal and peak serum cortisol on day 14 were significantly raised in group 1 infants (p , 0.01; table 2). The multivariate CART model suggested that the two most useful indices for predicting CLD were CRIB score . 9 and peak serum cortisol . 740 nmol/l on day 14. The sensitivity, specificity, positive and negative predictive values of using these indices for the prediction were 53%, 80%, 81%, and 70% respectively.
Group 1 v group 2
DISCUSSION
Our previous report on the same cohort of VLBW infants indicated that plasma ACTH concentrations in the first week of life (day 7) were significantly higher in patients with severe respiratory distress syndrome (who required intermittent positive pressure ventilation (IPPV) or high frequency oscillatory ventilation (HFOV)) than in those who had milder pulmonary diseases and did not require mechanical ventilation or needed only continuous positive airway pressure support. 16 In addition, infants who required IPPV/ HFOV had significantly lower serum cortisol on day 7, but this pattern of cortisol response was reversed by day 14. 16 Thus, the enhanced ACTH response on day 7, and the change in the pattern of cortisol response in sick ventilated infants during the first 14 days of life suggested that a proportion of VLBW infants may have transient inadequate adrenal response (TAP) to stress in the early postnatal period. Whether infants with prolonged oxygen requirement or CLD are more likely to have lower serum cortisol during the first week of life, compared with non-CLD infants, was being investigated in this study.
We found a significant negative association between duration of oxygen supplementation and peak serum cortisol on day 7. This negative relation was reversed one week later, with both basal and peak serum cortisol on day 14 being positively related to oxygen supplementation. However, multivariate regression analysis showed that the duration of oxygen requirement by preterm infants was more significantly influenced by birth weight, severity of the initial pulmonary condition as reflected by the A-aDO 2 gradient on the first day, and sustained stress as indicated by persistent increase in serum cortisol on day 14, rather than the concentrations of the hormones of the HPA axis on day 7. Thus, the overall picture suggested that infants with low serum cortisol concentrations in the first week (TAP) tended to have severe respiratory distress syndrome and required IPPV/HFOV. 16 However, low serum cortisol (day 7) per se did not necessarily translate into longer duration of oxygen requirement, as other aforementioned risk factors appeared to have a greater effect on the complex pulmonary inflammatory response and occurrence of CLD. These findings closely resemble the results of recent studies, which also showed that low gestational age or birth weight and adverse early respiratory mechanics, including low arterial/ alveolar oxygen ratio and high airway resistance before surfactant, were associated with an increased risk of CLD. 17 In recent years, various investigators have attempted to assess the relation between basal or stimulated serum cortisol and the risk of development of CLD. Huysman et al 5 showed a significantly lower mean cortisol concentration and higher cortisol precursor concentration in infants who subsequently developed CLD (defined as requirement of oxygen supplementation at 28 days). Similarly, Watterberg and Scott 11 reported that VLBW infants who developed chronic lung injury had significantly reduced cortisol responses to ACTH stimulation on day 527 compared with infants who did not. The same investigators in a second study further showed that the basal cortisol concentration measured during the latter half of the first week correlated inversely with (a) the postconceptional age at which the infants stopped receiving supplemental oxygen and (b) the concentrations of pulmonary inflammatory markers, including interleukins 1b, 6, and 8, albumin, and total protein, obtained from tracheal lavage. 12 Korte et al 18 studied infants of less than 32 weeks gestation and suggested that those infants with cortisol concentration , 414 nmol/l (, 15 mg/dl) were more likely to develop CLD at 36 weeks. However, they were unable to show a significant association between cortisol responsiveness to ACTH and CLD. 18 More recently, Banks et al 19 using a subset of infants in the North American thyrotropin releasing hormone collaborative trial showed a borderline but non-significant negative association between unstimulated cortisol concentration measured on days 3-7 and CLD. Similarly, Romagnoli et al 20 were unable to show a significant difference in plasma cortisol and ACTH on day 7 between infants who developed CLD and those who did not. There was also no significant correlation between hormones of the HPA axis and CLD, and these investigators discouraged the use of baseline or stimulated plasma cortisol for predicting the development of this condition. Our investigation is the first to use the hCRH test, a more sensitive HPA axis stimulation test, 21 for evaluating both the pituitary and adrenal function in a relatively large cohort of VLBW infants. Although our univariate results showed a significant negative association between serum cortisol on day 7 and duration of oxygen supplementation, and to some extent supported the findings of Huysman et al 5 and Watterberg et al, 11 12 the multivariate analysis showed that other risk factors, including birth weight (closely related to gestational age), severity of initial respiratory failure, and continuing stress at 2 weeks of age, were probably more important variables that correlated with the length of oxygen supplementation in preterm infants. Neither plasma ACTH nor serum cortisol on day 7, however, were independent risk factors. In addition, the lack of a significant difference in circulating and stimulated serum cortisol (day 7) between group 1 and group 2 infants (table 2) further suggested that the initial adrenal response was similar in infants who subsequently developed CLD and those who did not. We speculate that the discrepancies in results from various reports may be related to the different sample sizes and populations studied. However, the report of Banks et al 19 and our study, which contained the two largest cohorts, did not show a significant association between ACTH or cortisol and duration of oxygen supplementation. Our subgroup analysis excluding infants over 1000 g also failed to show a significant relation (data not shown). In addition, the causes of CLD are complex with many interdependent risk factors and treatments. Factors such as lung immaturity, volume or barotrauma, oxygen toxicity, and use of natural surfactant and corticosteroids were all involved in modifying the pathogenic process and could influence the risk of developing CLD. Thus, endogenous cortisol is probably an insignificant or ''weak'' contributor, as suggested by Banks et al 19 and the results of this study, and only one of many predisposing factors affecting the duration of oxygen supplementation and CLD.
In this study, we also assessed the use of ACTH or cortisol for prediction of CLD. CRIB score . 9 in combination with peak serum cortisol . 740 nmol/l on day 14 were identified as the most useful indices. This combination has relatively good specificity (80%), positive and negative predictive values (81% and 70%). Similarly, the CRIB score, which takes into account the gestational age and reflects the initial illness severity, together with continuing stress of high serum cortisol concentration at 2 weeks of age, were found to be specific predictors of CLD. However, the need to use an elaborated stimulation test and the relatively late timing of the forecast render these indices unappealing for routine clinical use.
In summary, this series of studies suggest that TAP, with low serum cortisol in the first week of life, is associated with severe respiratory distress syndrome and the need for IPPV/ HFOV. 16 Despite this important relation, pituitary-adrenal response in the first week of life is not identified as an independent risk factor associated with the duration of oxygen supplementation. To shorten the duration of oxygen dependency in preterm infants, our results suggest targeting of management in three main areas: (a) prevention of premature delivery; (b) optimising pulmonary condition at birth; (c) minimising the duration of stress, especially ventilatory stress, in VLBW infants. Although CRIB score and peak serum cortisol on day 14 are useful predictors of CLD, this combination is not attractive for routine clinical use. 
